A set of relationships between parameters of the Dunham and Murrell-Sorbie potential energy function is developed. By employing Taylor series expansion and comparison of terms arranged in increasing order of bond length, a set of Dunham coefficients is obtained as functions of MurrellSorbie parameters. The conversion functions reveal the importance of factorials in extracting Dunham coefficients from Murrell-Sorbie parameters. Plots of both functions, based on parameters of the latter, reveal good correlation near the equilibrium bond length for a group of diatomic molecules. Potential function relations, such as that shown in this paper, are useful when the preferred/reliable data is based on a potential function different from that adopted in available computational software.
Introduction
It is common knowledge that interatomic and intermolecular potential energy functions are essential to aid the understanding of physical properties of molecules (e. g. [1 -4] ). The fact that the number and types of potential energy functions are numerous calls for efforts to understand and appreciate the discrepancies among them. Indeed an understanding of the potential energy function discrepancy is helpful for molecular physicists to interpret discrepancies in simulated molecular behaviour, and to select specific potential energy functions based on intended applications. There are two broad categories of molecular potential function relationships.
In the first type a generic potential function has one or two additional parameters, which reduce the generic function into specific ones when a numerical value is assigned to the additional parameter(s). For example, Thakkar's parameter p [5] in
reduces the potential function
0932-0784 / 08 / 0100-0001 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com into the Dunham [6] or the Simons-Parr-Finlan (SPF) [7] potential functions by substituting p = −1 and p = +1, respectively. Here, r and R are the internuclear distance and the equilibrium bond length, respectively. In order to incorporate the Ogilvie potential function [8] , Molski proposed an alternative parameter a [9, 10] in
such that substituting a = 0, 0.5, 1 into (3) reduces (2) to the Dunham, Ogilvie and SPF potential functions, respectively. In order to connect potential energy functions consisting of repulsive and attractive terms that exhibit a minimum with a well depth U r=R = −D and U r→∞ = 0, Lim [11] proposed
where m and n are the repulsive and attractive indices, respectively, and S 1 and S 2 refer to the scaling factors corresponding to the repulsive and attractive terms, respectively. Substituting (x, y) = (1, 1), (0, 0), (1, 0) and (0,1) into (4) reduces it to generalized Lennard-Jones [12 -14] , Morse [15] , Buckingham [16, 17] and Linnett [18, 19] potential energy functions, respectively.
In the second type of molecular potential function relationship the parameters of one potential function is expressed in terms of parameters of another potential function (e. g. [20 -22] ). Whilst the first category of potential function relationship is useful for gaining insight in the difference between the considered potential functions, the second type allows to convert parameters from literature into another set of parameters, whose potential function is adopted in computational software. In this paper we extract the Dunham coefficients from the Murrell-Sorbie parameters within the context of the second category of potential function relations.
Analysis
To pave a way for obtaining a set of relations between parameters of the Dunham (DUN) and MurrellSorbie (MS) potential function, we rewrite the former's potential function as
where ρ = r − R, while the Murrell-Sorbie potential function [23] 
is written in a shifted form:
This shift is crucial, because
and
For the sake of completeness, (7) can be expressed as
so that the power series is not limited to the third order. Substituting
into (10), we arrive at
into (12) and rearranging terms according to increasing orders of ρ, we have
Suppose (5) and (14) are expressed as
then comparison of the left-hand sides and right-hand sides of (15) and (16) gives
respectively. Equation (18) can be split into two summation parts:
to make way for simplification. The first summation part can be simplified as
For the case of the Murrell-Sorbie potential function whereby parameters of the fourth order and above are zero, i. e. α k = 0 for k = 4, 5, 6,..., the second summative part reduces to
Finally, substituting (20) and (21) into (19) gives
For convenience, the first eight Dunham coefficients are furnished: Figure 1 shows the schematics of obtaining α 1 whereby the alternating thick and thin circles represent negative and positive multipliers, with the numbers referring to the denominators.
Results and Discussion
Verification of (17) and (22) was achieved by comparing plots of the shifted Murrell-Sorbie and Dunham potential functions based on the former parameters. Table 1 shows the Murrell-Sorbie parameters (D, R, a 1 , a 2 , a 3 ) for similar atom diatomic molecules furnished by Huxley and Murrell [24] , i. e. AlAl, BB, (17) and (23) to give A and α i , respectively, and are furnished in Table 2 . The equilibrium bond length, R, is common for both potential functions. Based on the parameters shown in Tables 1 and 2 , potential energy curves, U, in electron volts unit, were plotted against the normalized bond length, r/R, using
for representing the shifted Murrell-Sorbie and Dunham coefficients, respectively, with a 0 = α 0 = 1. The potential energy curves are shown in Fig. 2 with the continuous lines and discrete points referring to the shifted Murrell-Sorbie and Dunham potential function plots, respectively. All the energy curves were furnished within the common energy range of 0.0 < U < 0.2 eV and the common normalized bond length range of 0.9 < r/R < 1.1 to allow comparison across all the diatomic molecules considered. These ranges were selected to allow good viewing of all 14 diatomic molecules plotted. It can be seen that, based on the selected diatomic molecules, the Dunham function converted from Murrell-Sorbie parameters appears to underestimate the Murrell-Sorbie function as the normalized bond lengths are compressed or stretched away from the ground state. At and near the equilibrium bond length, however, the conversion functions up to α 8 provide good agreement between both potential functions, as is evident from Figure 2 . Needless to say, the extent of correlation is expected to increase when more coefficients are generated from (22) to attain higher-order terms. Reversed conversion can also be performed. Excluding the equilibrium bond length, R, there are four parameters in the Murrell-Sorbie potential function. Hence four independent equations are required to obtain the parameters D, a 1 , a 2 and a 3 from A, α 1 , α 2 and α 3 in (17) and (23a) -(23c).
Conclusions
A set of conversion functions has been established between the parameters of the Murrell-Sorbie and Dunham potential energy functions by expanding both functions by Taylor series expansion, followed by comparison of terms. Analysis revealed that the coefficients are expressed in terms of Murrell-Sorbie parameters and factorials in the numerator and denominator, respectively. Observation of the plotted potential energy curve based on Murrell-Sorbie parameters of AlAl, BB, CC, ClCl, FF, HH, LiLi, MgMg, NaNa, NN, OO, PP, SiSi and SS for both potential functions revealed good agreement, especially near the equilibrium bond length. Far away from the equilibrium state, the Dunham function gave a lower estimation of the Murrell-Sorbie function. The established conversion functions are useful when potential function parameters are available for the Murrell-Sorbie function but the computational software adopts the Dunham function, or vice versa. 
